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Specification 

1 . Title of the Invention: 

A Method for the Manufacture of a Fibrin Formation 
Promoting Material 

2. Claim 

(1) A method for the manufacture of a fibrin formation 
promoting material that effectively promotes production of 
stabilized fibrin over a long period characterized in that a 
structure having the shape of a fiber aggregate made of 
oxidized cellulose, a sponge, powder, monofilament, film or 
microcapsule is neutralized, after which blood coagulation 
factor XIII and thrombin are immobilized in said structure. 

3. Detailed Description of the Invention 

This invention relates to a plug material that is used in 
the treatment of ulceration that develops on wounds such 
as cuts and scratches, wound surfaces due to bums, 
surgical wound surfaces and body surfaces and wounds 
such as tooth extraction cavities, in the treatment of blood 
vessel obstruction or as injection materials that are used in 
the treatment of punctures. In greater detail, it relates to 
fibrin formation promoting material that effectively 
promotes ^the formation of stabilized fibrin 'over long 
periods. 

The inventorsdiscovered that materials in which blood 
coagulation factor XIII (hereafter abbreviated as FXIII) and 
torondo [phonetic and probably a misprint for thrombin] are 
immobilized are superior as materials for wound treatment 



for promoting stabilized fibrin formation to materials in 
which only torondo [sic] Is immobilized, i.e., to materials 
that promote only unstabilized fibrin formation. 
Although proposed previously (Japanese Patent 
Application Early Disclosure No. 55-58163 [1980], 
research was then continued on the use of oxidized 
cellulose, which is generally used as a hemostaticagent. 
When this was done, it was ascertained that there was 
a deleterious effect on promotion of stabilized fibrin 
production when oxidized cellulose was used in 
unaltered form in the stabilization of FXIII and thrombin. 

In view of the existing situation, the inventors 
conducted repeated studies for the purpose of 
eliminating the problems described above. As a result, 
they perfected this invention by discovering that the 
capacity for stabilized fibrin production was well 
maintained when the oxidized cellulose was neutralized 
and FXIII and thrombin were then immobilized. 

Specifically, this invention is a method for the 
manufacture of a fibrin formation promoting material 
that effectively promotes production of stabilized fibrin 
over a long period characterized in that a structure 
having the shape of a fiber aggregate made of oxidized 
cellulose, a sponge, powder, monofilament, film or 
microcapsule is neutralized, after which blood 
coagulation factor XIII and thrombin are immobilized in 
said structure. 
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Up to this point, it had been indicated, for example, in 
U.S. Patent No. 2,517,772 in regard to the use of oxidized 
cellulose as a stabilized carrier after its neutralization, that 
deactivation of thrombin can be prevented by performing 
thrombin treatment after oxidized cellulose has been 
partially neutralized. There have been no previous 
examples of treating oxidized cellulose with FXIII, and, 
moreover, there have been no previous examples 
whatsoever taking into consideration the capacity for 
promotion of stabilized fibrin production as in this invention. 

The term oxidized cellulose that is used in this 
invention refers to cellulose that has been obtained by 
oxidizing cellulose materials such as, for example, wet 
pulp, cotton, cotton linter, ramie, jute paper, hemp, 
regenerated cellulose and rayon by known methods using 
ozone, hydrogen peroxide, periodates and nitrogen dioxide. 
In this invention, it is desirable to use cellulose in which 10 
to 30% of the -CH 2 OH group have been oxidized to -CQOH 
groups for the sake of better absorption capacity in the 
body, with the use of cellulose in which 15 to 25% have 
been oxidized being particularly desirable. 

In this invention, such oxidized cellulose is used after 
having been neutralized. The term neutralization that is 
used here means that the -COOH acid group of the 
oxidized cellulose is converted to a salt. In performing 
neutralization, the oxidized cellulose may be treated to 
convert the oxidized cellulose, for example, to an hydroxide 
of a metal such as sodium or calcium to various salts such 
as sodium, calcium or ammonium salts, for example, 
acetate or carbonates. When the degree of neutralization 
is excessive, the structure becomes water-soluble and 
immobilization does not readily occur. On the other hand, 
when it is insufficient, good gradual release capacity cannot 
readily be obtained. Therefore, it is desirable to perform it 
out of consideration for the structure becoming gel-like and 
losing its shape. The standard is to perform neutralization 
so that the pH of the oxidized cellulose that has been 
neutralized when it is immersed in water is between 3 to 7, 
and, preferably, between 5 and 6. Neutralization may be 
performed on the structure or the material may be 
neutralized before processing, after which a structure may 
be made, 

The torondo [phonetic] that is used in this invention is 
a proteolytic enzyme that can convert fibrinogen to fibrin. 
Thrombin is decomposed by blood in humans, cows and 
pigs. When it is used for the treatment of humans, it is 
desirable to use human thrombin. 

The F XIII that is used in this invention is called fibrin 
stabilizing factor. It is a factor that acts directly on 
unstabilized fibrin and that contributes to the production of 
isopeptide bonds between fibrin molecules. FXIII is 



separated from the blood or placenta of humans and 
cows. However, when it is used for treatment of 
humans, it is desirable to use FXIII originating from 
humans. 

FXIII and thrombin can be bonded with the oxidized 
cellulose that has been neutralized or it can be 
immobilized by adsorption. For bonding, conventional, 
known covalent bonding or ionic bonding methods as 
described, for example, O. Zaborsky, "Immobilized 
Enzymes," CRC Press, 1973, can be used. 

Methods for covalently bonding FXIII and thrombin 
to oxidized cellulose that has been neutralized that can 
be used include a method in which a dehydration 
condensation agent such as dicyclohexylcarbodiirnide 
and t-dicyctohexyl«3-(2-morpho!inoethyI)- 
carboamidomethotoluene sulfonate is used, a method in 
which the oxidized cellulose is treated with a 
polyaldehyde such as glutaraldehyde or dialdehyde 
starch and a formyl group is introduced, after which 
treatment is performed with FXIII and thrombin and a 
method in which, instead of polyaldehydes, 
iminocarbonate groups and bromoacetyl groups can be 
introduced into the structure by bromoamines, acid 
anhydrides by polymaleic anhydrides such as maleic 
anhydride copolymers, isocyanate groups by 
polyisocyanates such as toluene diisocyanate and 
hexamethylene diisocyanate, epoxy groups by 
polyglycidyl derivatives such as ethylene glycol, 
tetramethyl glycol and glycerol and chlorotriazinyl 
groups by cyanuric chloride, with FXIII and thrombin 
being bonded using functional groups that can form 
covalent bonds with them. 

The carboxyl groups of the oxidized cellulose may 
be used to bond FXIII and thrombin to oxidized cellulose 
that has been neutralized. In addition, oxidized 
cellulose into which formyl groups, iminocarbonate 
groups, bromoacetyl groups, acid anhydride groups, 
isocyanate groups, epoxy groups and chlorotriazinyl 
groups are introduced, can be aminated by treatment 
with a polyamine such as polyethyleneimine and can be 
carboxylated by treatment with an aminocarboxylic acid 
such as glycine. Therefore, FXIII and thrombin can be 
ionically bonded to structures into which amino groups 
and carboxyl groups, which are ion exchange groups, 
have been introduced in this way. 

When FXIII and thrombin are adsorbed by physical 
adsorption methods or inclusion methods to oxidized 
cellulose that has been neutralized, this can be 
performed as follows. Specifically, the FXIII and 
thrombin are dissolved in solvent that can moisten 
oxidized cellulose that has been neutralized and the 
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FXI1I and thrombin can be physically adsorbed by treating 
the structure with this solution. The inclusion method is a 
method in which the FXIII and thrombin are wrapped in a 
fine gel lattice so that they cannot be eliminated. 

When FXIII and thrombin are immobilized by either of 
the aforementioned methods, the FXIII and thrombin may 
be immobilized at the same time or the FXIII may be 
immobilized first, after which the thrombin may be 
immobilized. The order may also be reversed. In addition, 
immobilized FXIII and immobilized thrombin may be 
manufactured separately and they can then be mixed or 
laminated. 

Further, at the time of manufacture of the materials of 
this invention, calcium ions that participate in activation of 
FXIII can be immobilized in the structure, In addition, as 
required, at the time of manufacture of the materials of this 
invention, medicinal drug products such as antiplasmin 
agents, bactericidal agents, antibiotics and hormones can 
be immobilized in the structure together with FXIII and 
thrombin. Antiplasmins are inhibitors of plasmin, which is 
a fibrinolytic enzyme. Consequently, fibrinolytic activity, 
that is, cellulose dissolving activity, is controlled by 
inhibiting plasmin. Consequently, materials in which FXIII 
and thrombin are immobilized together with an antiplasmin 
can promote production of fibrin by inhibiting fibrinolytic 
activity. Antiplasmins that can be used appropriately 
include, for example, natural substances such as aprotinin, 
which is extracted from the lungs of cattle, pepstatin, 
leupeptin, antivain [phonetic]* and chymostatin [phonetic], 
which are separated from culture solutions of 
microorganisms, e-aminocaproicacid, tranexamicacid and 
mesyl acid carbexate [phonetic - Could be a Misprint]. Of 
these, e-aminocaproic acid and tranexamic acid are the 
most desirable. 

The materials of this invention can be used in the 
treatment of ulceration that develops on wounds such as 
cuts and scratches, wound surfaces due to bums, surgical 
wound surfaces and body surfaces and wounds such as 
tooth extraction cavities, in the treatment of blood vessel 
obstruction or as injection materials that are used in the 
treatment of punctures and can promote stabilized fibrin 
formation effectively over long periods. Consequently, 
when the materials of this invention are used as wound 
protective agents, cure of the wound is markedly 
accelerated, and, at the same time, local pain is mitigated 
and hardening occurs, In addition, when they are used as 
plug substances, a plug is formed rapidly and securely and 
re-opening of the blood vessel does not occur. When they 
are used as injection materials, rapid and reliable 
hemostasis becomes possible, 



We shall now present examples in order to 
describe this invention more specifically. Human 
plasma thrombin produced by the Green Cross 
Company, Ltd., was used as the thrombin and FXIII 
condensed and dried agent was used as the FXIII. The 
FXIII preparation had FXIII activity corresponding to 6Q 
times the quantity present in 4 ml of fresh human 
plasma per vial. 

The stabilized fibrin formation capacity tests were 
performed as follows. Specifically, the structure in 
which FXIII and thrombin had been immobilized was 
treated with an aqueous solution containing Ca + * 
immediately after and 12 months after immobilization to 
activate the FXIII, after which the structure was 
introduced into a 0.5% fibrinogen aqueous solution and 
the materials were allowed to stand for 10 minutes at 
37°C. Following that, it was confirmed as to whether or 
not the fibrin that was produced on the surface of the 
structure was stabilized fibrin. Unstabilized fibrin was 
dissolved in 1% monochloroacetic acid whereas 
stabilized fibrin does not dissolve in 1% 
monochloroacetic acid. Therefore, confirmation is 
performed by preparing a solution preparation of 1% 
monochloroacetic acid for the fibrin film that has been 
described above. 

Example 1 

20 ml of Oxicel [phonetic] Cotton (oxidized 
cellulose cotton product manufactured by the Sankyo 
Company, Ltd.) was immersed for 2 hours at room 
temperature in 20 ml of 0.5 M aqueous solution of 
calcium acetate, after which it was washed with ethanol 
and water and air dried, with neutral Oxicel cotton being 
obtained. 

The total quantity of this product was immersed for 
2 minutes at 0*C in a mixed solution comprised of 2 ml 
of Fibrogammin (concentrated, dried preparation of 
blood coagulation factor XIII manufactured by the 
Hoechst Company, Ltd.; 1 vial of which is dissolved in 
4 ml of water) and 2 ml of thrombin (Human Thrombin 
Green, manufactured by the Green Cross Company, 
Ltd.; 1 vial of which is dissolved in 5 ml of water), after 
which freeze-drying was performed at -60°C for24 hours 
and immobilized. Neutral Oxicel cotton in which 
Fibrogammin and thrombin are immobilized was 
obtained. 

When the fibrin formation capacity test described 
above was performed immediately and 12 months after 
immobilization using the immobilized, neutral Oxicel 
cotton obtained as described above, both fibrin sampl es 
that were formed on the surface were stabilized fibrin 



* Translator's Note; Transliterated phonetically from the Japanese. As such, the spelling may differ from other transliterations. 
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that was insoluble in 1 % monochloroacetic acid. In a study 
qf the formation speed and quantity, of formation of 
stabilized fibrin, similar speeds and large quantities were 
found immediately after and 12 months after 
immobilization. 

Comparative Example 1 

Immobilized Oxicel cotton was obtained in exactly the 
same way as in Example 1 except that the treatment with 
aqueous solution of calcium acetate wasnot performed. 

When the same fibrin formation capacity tests as in 
Example 1 were performed immediately and 12 months 
after immobilization using this product, stabilized fibrin was 
formed immediately after immobilization. However, 
formation speed was slower and the quantity of formation 
was less than in the test performed in Example 1 . Further, 
although fibrin was formed after 12 months, it was found 
that it was unstabilized fibrin that was soluble in 1% 
monochloroacetic acid and that the activity of FXIII was 
lost. 

Applicant: Unitika Company, Ltd. 



